APPENDIX C

DATA FROM THE CHEMICAL ANALYSIS

OF GROUND LEVEL FILTER SAMPLES

SC593.4FR

‘ Rockwell International
Atomics International Division
Air Monitoring Center

The following tables give data for the ambient concentrations in ug/m3 of
total mass, sulfate, nitrate, and a number of elements, which are identified

by a code containing up to three characters.

The equipment used to collect

the samples is described in Section 5.3.1, the times of collection summarized

in Table 6-1, and the methods of obtaining and reducing the data in Section 8.0.
The sulfur hexafluoride tracer data are presented in a format which matches

the one used here in Tables E-11 through E-13.
collected are identified by the following code:

Code

A

<G = I & m 9O o W

Date

10
11
12

1
11
17
25
30

7

September
September
September
October
October
October
October
October
November

The days on which the data were

Power Plant
Moss Landing
Moss Landing
Moss Landing
Haynes
Haynes
Haynes
ATamitos
Alamitos
Alamitos

When the concentration of a chemical species was below the limit of
detection, the 1imit of detection was entered in the tables preceeded by a Tess

than sign (<).
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APPENDIX D
SELECTED FILTER CHEMISTRY DATA EXPRESSED AS PERCENT OF TOTAL MASS

To aid in the interpretation of the data, the concentrations reported in
Appendix C were divided by the total mass of aerosol and reported as percentage.
The more useful results are presented here, and include data for sulfate, nitrate,
Na, Si, S, C1 at Moss Landing, and Pb in the South Coast Air Basin.

293




SC593.5FR

Rockwell International
Atomics International Division

Air Monitoring Center

N

L A

LE*y
6%t
g2es
62°2
942
BE*E
92*2

20-92

G6* 20°¢
2€°¢€ €g°2
L1e 2%e2
g2*4 0bee
1l*¢ 15¢2
1L'2 > 1%
25°¢ YEY-
10°2 . > s8°t
42-22 22=02

>

ARGt
18+9
2e*6
8ot
ST LY

G151

L2

46 11
66°21
qEET
€201

02-81

049
08°6
2211
0g+9
01+e1
0G+11
00°*01
85 ET
Sg+21
89°91

81=-91

09°9
0L°S
£1°L
[ S AL
o1t
LE*TT
£6°9
LRl
2Ee 41
. 89°91

91=-41

AvALIINT IWTIL SNITDWYS

§1°S1
€g*11

89+81
TTeET
€L001
91%6

9611
€6°0E

02-a1

EE€* 11
Iye21

525
98°*8
96°21
SE*6
20°%1
£yl

81-~91

AVAERIUINT 3WTY

262

1 X
802
$2*8
25+ 2
152
912
sq°1

De-fal

0G*E

P G >
€2
L6*S
992
ig*1
Lree
L2°E

g1=-61

v

9£*S
{14
LE°9
gget
SLe2
cre 1l
AN
29°21
2e*sl

91=-%1

ShITdhVS

16°2

L10e
ge€e e

9€°*t

10*e >
L2t >

. 61°%¢2

992 >

91=-%1

TwAEILNT 3WIL ONITdWYS

12+*9
L6*Y
[0°g
GGt
G2°*9
168
0E*9
s8R
LG22
LY*g

y1-21

£g+¢€
L0y
Li*E
9G+¢
gi*€
6R*g
66°2
16°¢
6E*g

#l-21

YH* 2
iédey
G2
762
6f°F
LA
gEe 1
0f*2
1.2

$1-21

25y
T1*E
29°€
gs°s
EH*€E
Lit
te*t >
i¥*S
£E1*S

el-01

8 Avad

9€°*g
| XA
cEUeYy
656G
Heee
SL*E
hetg
gi*q
661 >

2l=01

v oAYQ

*S*k S3ITVINOO
*HLI *IDS HINOA
SH3IKMLI0HA HIAUOA
3HYIILlu3A

QJav H3LSITIOH
a0 1404

*00 NIdvo

S *S*4 SynITvs
HINYY NOSHIUNY
SOIWYNAUINN

IWVYN 311S

LIS
112

QD M D) OO

3118
IHIY

%0S 40 NOLLVHINIONOGD %

*Se*H S3ITTVINQGY
*H13 *IJS HINOA
SHIHI0HE ¥3G0A
d4VY21183A

QJav H3IALSITTOH
g40 1u04

*00 NIdvo

S *S*4 SynITlvs
HINYH NOSH3IUNY

IwyN 3LIS

%0S 40 NOLIVHINIINOGD

*S*H SIIVINOY
*H1J *I3S HLNOA
SHIHIOHH HIUOA
YOI LE3A

Glay HIISITIOH
040 1¥04

*0D Nlvwg

& *S*4 SYNIWVS
KONy NOSHIUNY

InYN 3J1IS

%GS 40 NOIIVHINIONGD

S

3118
112

5

311s
112

S~ NN O~OD

3118
IV

%

~“ NMFIND O~

311S
OHIV

%

294



Atomics International Division
Air Monitoring Center

SC593.5FR
Rockwell International

6% 1
6l2
gg8°¢e
66°8
182
S6°Y
$9° 11
98°*8
69°%2

£2~-12

€96

[§:04¢]

€E%*L

1se02
&levl
g9l
9401
€8°11
12+21
se*1t

ge-12

1 A3
18°g
%0°01
gE* Y1
6E°6
2621
¥l
96°01
151 A R
€6°91

€2~12

151
gL°€

S6°*8
ga+9
020t
$9°L
€81
L6°9

12=-61

1L*6

9601
9L°81
€Sl
€041
1801
8921
1L°91

12-61

62°*9

S9°€l

2621
06°L

60°€1
s6°tl
v2*€l
ge*ol
9£°9t

12=-61

0ge-2 LE*Y h4ed
919 b9HS Ly*E
SL*E 22°S ALY}
618 £5°01 g€ge 11
BE*S S6*9 958
£9°8 91°*01 SL*6
85°S - £€sel €498
Ev*6 6511 2ye 1l
$9°*6 98°G1 £p*9l
€T-L1 L1=-5S1 CS1-€1

AYALILINT 3WIL SNIIDWYS

1g*11 LS*ET To°*y1
s1021 2611 oo-11
9961 112 g0°%1
£€°02 68°02 01-22
81°G1 EE*91 €62
€061 €92 92412

6l*g2 £2-61
Sy*8l 1022 02-02
2281 Lle12 0g-12
L1l geE*22 o0R*61l
6T-1L1 L1=-51 ST-£1

AYAEILINT 3WIL SNITCWVS

96 09°21 40°01
2646 1691 10°€1
A AR 29°11 e1°€l
2621 9€° .1 %1052
0%y 6521 %912
0501 8021 . %0°92
69°6 §9°11 9522
00°6 €101 Arele
€5 Hl 08°21 2622
£L0E1 68°G1 s2°42
61-1L1 L1-51 S1-€1

TYALIINT 3wIi SNITGhVS

g2+ >
Yhepl >
0Le2
£2+8
19+9§
kAR
19°9
264
09°s

El-T1

611
g2+g1
g82°sl
Y9+¢2
6l+ce
28+€2
LT*42
9222
2Se42
2€°02

£1-11

01-21
0141
1G6+91
L0+62
BE1E
sR*92
LT1*92
w102
L1192
1212

ET-T11

LU°T  >ge4 MVHIN3ID 30ISHIATY te
HEeT > 8 *S°4 3QISH3AIY 02
aletl *S*4 153404 VYNOWOD 61
9l-9 MHVd AIHIHIvVI4 41
10+g 8  *S$*3 WIIRYNY 6
00+% S *S*4 NOIN3IIN4 f
YL*2 *HIJ U3¢ HOAYYH Wlvd €
62°¢€ 2 *Se 4 WIFHVNY 2
Sy*Y 2 °S*3 NN1531IN4 k4
11=-6 AWVYN 3J1IS  31IS
112
9 AVQ %08 40 NOILVHMINIINDOD
L%*91 g*4 vuiN3D IGISHIAIN 12
Ic+€1 8 *S°*4 30ISH3AlY 02
00-1t *S*3 1S3IH0A VYNOHOD 61
g9°+¢2 MHVd ATH3IHLYVIS 41
LA R T H  *°S*d4 WIZHUNY 6
2961 £ *S* 4 JINVHO L
T2+91 S *S°4 NQIM3TINS 24
*HLD *U3w HOPHYH wWiivd £
Hl+02 e *Se 4 WIIHUNY 2
o8*02 2 *S°4 NOt¥31N4 L4
11=-6 3wWwUN 3LIS  31IS
112
4 AvVQ 90S 40 NOILLVYHLINIOINOD
9%°6l S°4 AYHIN3ID 3IQISHIAIH 12
0441 8 *S°*4 30ISH3IATY 02
gt 91 *S*4 1S3H04 YNOHOD 61
Iys02 MYV ATHIHLIVYIS 1
el 1 8 *S*4 WI3HUNY 6
1ve12 £ *5e 4 IONVHO 2
11*02 S *S*34 NOI¥3IING R
$9*Ed M1 *Q3W HOFHVH Wlvd £
LA 4 2 *S*4 wlzHvNy 2
19°€2 2 *S°*4 NOLIHITINA 4
TiL=-6 3wun 311s 31
112

1 AvQ $CS 40 NOLLVvHINIDNGD

~MOANM DO ~00

o

3118
K1Y

%

HANM IO OND O

o

311S
IV

%

SN NMTNONDO

3118
aHIV

%

295



ivision

SC593.5FR

Rockwell International
Atcomics International D
Air Monitoring Center

N

So*E
sg*?
194
6E° L
16°2
91*€
9G*Y
6v°9
06°2
£L°2

y2-22

sg*1
96°

105
YE'E
go*¢€
02k
£0°1
gE*1
%22

y2-2¢

16°S
96°¢
L6*8
£8°02
LL*s
96°%
R AR
Sl*¢€
cg’r
et

€2-12

402

8s*d
B2*<d
L12
cE*Y
og*¥
6491
65°1

22=-0¢e

gleg
B6°E
Ly*E
SE*E
1972
q0°2
elet
YE*2

22=-02

2s*#1

c0°S

1S*6
60°L
029
L6°9
SL°9
85°S
gl*8

12-61

89°*S
tec clel A4
662 €62 O#eE
19+ L g8 0501
€62 0t G2°S
9g*1 > ¢€2°*. 499
Toey . 1.+ 01€1
gL°% sE*9 298
90+E 406 LlGeE2
00*2 €T > 9g6°*L1

02-81 81-91  91-+1

IYARILINT IWIL ONIEWVS

veed
1L €02 eE°c
ER*E AL 29
12°¢€ 10=% . g9*¥
2l*E £2*s beEel
£9°E Si*t hE*Y
€G+¢ S8+ 01 9e+ 11
€2y %101 ce* 0l

02-81 B1-91 Sl=%1

IvAr3ILNT IWIL SNIdWYS

yGe¢ GE*2 €68
12401 L1-1¥} CYAY
49} £€eL CYRE)
496 18*L 0g*01
02*L 0945 11*9
89, > E£S°*% > Hg°S >
HE"6 119 "BR*8
409 69°S €Gey
0£*9 226 162
€R%6 5091 g4 41
6111 L1-G1 §1-F1

AYAEILNT IWIL ENITdRYS

CrA N}
1

0L+5
8021
0Z+g
%201
[ WAL
HE e
SEe9
8G*9

41-21

A AN}
91e9

ge2*9
169
L0*q
91+g
68°G

2121

(L2
Elep
ot g
L9911
tleg
gy
9101
HS 6
61721
¥l 21

eET=-11

11+€  >ge4 vHIN3D 30ISM3ATLY
gE*T > 8 *S*4 30ISH¥3AATN

Eesy a2dv vsSnNz7v
L6°9 MYV¥d ATld3HIvE4
elg 02dgv YNOrOd
L8 Q3dy ¥3ILLl1IHMm
g2 6l S *Ss*4 NOLH3TTINA

EE*E *¥10 *03nw HURMVH Wlvd
LR e *Se4 WI3HVNY
gLl 2 *S*4 NOLIHITINA

21=-01 IwvN 31IS

r Ava

ahey S 4 IVHINID 30ISH3AIY 12
LY 8 *S*d 30ISy3Aly 0e
: MEVed ATIHIHLIVIA 41
02dY VYNOWOd 21
09+9 - 0J3dv ¥3I11LIHM =1
194 S °*S*4 NOIH3TINS g
00°9 *H1D *03W HOBHVH wlivd €
115 4 *Se 4 WI3HVYNY 2
%0°6 2 °S*4 NOL¥3TIN4 4
el~01 3IWYN 3LIS  3LIS
112
1 AvO %05 40 NOQILLVHINIINOD
Tert S*4 AIVEINID 3J0ISHIATH 12
CIARSY 8 °S*4 J0ISHIAIM 02
019 02dv vsSnzy g1
g6 1l MYVd ATHIKIVIA 41
SHeS (12dv YNOwOd T
g6°*h 03dv H31LLIHR S
G518 S *S*4 NOLHIVINA 3]
*H1D *3U3w HOSKYH KIYd €
P *SY4 wl3HuNy 2
0y'y 2 "G4 NOLIX3ITING 4
T1=6 3WyN 3L1IS  3]11S
LID
K AVO PCS 40 NOLIVHINIONOD

31Is
112

%05 40 NOII¥H¥INIINOD

DM O O~ D

aLIs
ALY

%

© MM 00

3118
HIY

%

(=R BAURS B SRV I « B e o e ]

4118
MHIY

%

296



SC593.5FR
Rockwell International

Atomics International Division

Air Monitoring Center

N

LTARS

0Tey
{245
SL°ET
Ig°¢g
601
00°'¢
29°4%

20-%2

£6°S

98°2
196
6%°SI
60°E
€l-1
0v°2
g8°S

y2~22

1re2t

gl+21
vE*6
2s el
95°*S
HE-1
#S°¢E
08°s

¢2=-0e

YL°€E
8Ge¢
60°E
L0*€
219
ER*S
Evel
rA A
Ly
9G°*9

02-81

v6°€
[ye€
G
lé6*

Tgeg
SG*¢€
bHeE
25°¢
€94
[& A

81-91

026
LH*S
Tael
CR
3 A
SE*v
| AT
02°s
E£LeS
66°E

91-4

LL+0t
89+,
La-9
0Ge+;
i)
6l+9
GEey
0€*
1Ty
*B*g

1 121

TWAEIUINT IWI] SNINAWYS

Oyee
02°s
Tl
S0°-€
Evedy
CEey
62*2
29°€
28°*S

02-81

6T
€09
62°E
Sgetl
0G+¢
2u*g
16°2
HG*E
S9°4

8l-91

$9°9
£g°€
£hey
29+
22t
90°9g
T1g9°2
292
T6*L

91=-%

£9+¢
8L}
EE€e6
0Eey
Be*y
L9°+31
£6°8
£G*g
$1*91

1 y1-21

VAEIINT 3WIL ONITIWVS

0211

62°*6
3]
€2t
1St
£Geg
v6°11
€86

0z-81

0%+¢

6%°01
$9°9
BE*6
£v*S
062
1€%¢
822t

81~-91

0ge2

hEe S
%2°S
2E*Y
A AR
0ge2
gt
S6°2

S1-%

1 88°*9
ER*g
eheg
U%eg
£2*g
[A AR ]
02+

I %111

I + 1€°8

1 vl-21

AYALIUINI 3WI) SNITdWYS

€691
LE*6
0€y
H6*6
Ri*g
Iteg
862
IR ANA
6t 9
652

el=-01

3 AvQ

Ive01
0l+g
€l
8L+01
Si*)
1921
Sy*g
sE*0l
#9°El

21-01

A AvO

L¥ce
16+
S6°S
Lol
Gl*g
0t*6
BE*S
§e°01
To*6

2i-0t

vV AvO

*S*H S3AAVYZNOY
"HIJ *IJS KINOA
SYHIHL088 y3U0A
INVIILu3A

U3cv ¥3iS1T10H
Q40 1004

*0d NIdv9

S °S*4 SuNIvs
HINYH NOSHIUNY
SOIWYNAUINN

IWVN 311S

Bl
%1
st

T
i

M N+ uo~

31is
110

CHMANMIPFNDO~DO

N1Is
IHIY

EON 40 NOILVYINIINGD 9

*S*H SITVZINOY
*H¥13 °I3S HLINOA
SH3H10HA HIGWOA
ELLI U KN

02dv H3ISITI0N
OHO 1404

*02 NIdvo

S °S*4 SynITIvs
HONvd NOSH3UNY

IWVYN 31IS

S

31IS
113

~NM TN O~DO0

LIS
IV

€0N 40 NOILVHINIONOD 9

*S*H S3ITVYZNOY
‘M1 *IDS HINOA
SH3R10HH 43U0A
3IHYIILE3A

U2dv “3ILSIT0H
040 1M04

*00 Nlvvo

S *S°4 SvynITIvs
HONVY NOSHIUNY

IWYN 3LIg

S

EFR 4
113

~NMIEFN O~ DR

alls
AWV

£ON 40 NOILYMINIINGSY .%

297



g .
o 2
mw 2
c ©
5 F
8 s
E s
=g 2
) £
2 s
20 E
o Q 8
ik «

Air Monitoring Center

L1°9
G6°6
£E*8
€0°11
0L°6
26°*9
2e*sd
es°8e
0cL2

te-1e

yE°8e
0ve€e
6l
66°8

gv*1

20561
68 L1
LA A
1921
2021

g2-12

011

ICARE!
66°8

68°€tl
4211
6L°21
(2+01
168

28*el
06°¢1

g2-12

€E*6
26°g

sl+01
6E°01
g0+l
5g9°¢€d
eo’ee
go*1e

12=-61

gg°62
CR AL X

1S*6

94991
6€°91
LL*S1
verel
€601
61°€l

12=-61

60°sl

02+01

65°E1
926
g2*el
€001
26+9
8L 11
08°*€l

12-61

9g°21 £0+01 19°%6
€Ll 6848 Hheg
BEET 1221 18%6
06*8 85y 2a'6
88°*9 0%*9 618
SHee 149 0+4°S
15091 lig U]
£2°41 26°S LE*Y
61°%21 £0°9 HH9
61=-21 L1=51 g1-t1

TvAR3LINT 3WIL SNITGWVS

0%ege 62°*S2 OgeL2
1181 oge02 le*E2
42°+92 10+€2 02+9¢
€16 EReL SGe%
€611 i1*8 61°S
£qgll 68°*L 9R/°S
€001 ~ £5°*S S0*6
111 1#°01 CARS:S
Ghet Li*Y 169
$0°01 69°S e 11
61=-L1 L1=-81 S1~tl

IVAEIINT FWI] SNITTSWVS

69°02 96°12 €1+02
- L 06°*8 0001
99°G1 g2 L1 GheEl
GOvEl 19%6 9z2
€98 §E*S L6°1
1511 LE*OT 40 €
£6°6 ghel 29+€
108 066 hoeh
§2°6 68°'%y %€°'s
60°11 £9°6 0z2°'s .
E1-L1 L1-51 G1-€1

AvArIINT 3HIL ONITIAWYS

L0°*9
gL*4HE
4101
1WA
{s*01
626
ch 11
ARG
5521

€l~-11

L1812
$8°92
L8+9¢2
06+9
¢E*g
§9°5
995
16°*§
90
8%°9

E1-11

05%2
9061
ngegl
9Lk
Seee
60§
99 g
992
6R°E
£8°9

£1-11

CLAS
Fo*n
2g+91
£9*01
PR
LEt*h
nat21
10°e
g6 el

11-6

)

GrLe+2e
0y*g2
6t*92
LE€T
LTARA
146
ty*6l
0001
£Ey*H
sH* 01

T1=-6

a

S*d4 TIVHIN3ID 30ISH3ALY 12
B *S$*4 30ISH3AIH 02
*S*4 [S3H04 YNOHOD 61
NHYVd AT¥3HLVIA 51

B "S*4 WIZHVNY 6

S *5*4 NOLHIINA a
*¥12 *U3n HNAHVH Wlvd €
R4 64 WIIHVNY 2

2 *S*4 NOLM3ININ4 b

3WyN 3LIS  3I1IS
112
AVQ €ON 40 NOILVHIN3DONOD

S*4 IVHINID 301SH3IAIY 12
8 *S*4 30ISY3AIH 02
*G°4 [S3IH04 YNOHOD 61
WH¥d ATIHIHLYIS

¥ *S*4 WI3HVNY

2 *S* 4 39NVHO

S *g*4 NOLY3ITINA
*H12 *03W HO8HYH wlvd
e *S* 4 WIIHVNY

2 *S°*4 NOLM3TIIN4

F NMDOD M~
—

VN 3LIS  3LIS
113
Ava EON 40 NOILVYHIN3ONOD

Se4 NYHIN3D JCISH3IALY 12
B *S*4 3CQISH3AIH 02
*ge 4 153H0I ¥NUBOD 61
MH¥Vd ATH3IHLIVIA

8 °S*4 WI3HVNY

£ *5* 4 39NVKO

G *g*4 NOLHITINS
*H1D *U3IW HUEHVH Wlvd
e *S* 4 WldHUNY

2 °*°S*d4d NOLHIYVINA

F MO~
-t

AwyN 31Ig 311
112
AVQ £ON 40 NOLLVHINIDINOD

~“ON MU DO

<

3118
IV

%

S S~ MEUN OO

311S
IMIV

%

S AN NSO~ DTN

311
NIV

2

298



SC593.5FR
kwell |
Atomics International Division

Air Monitoring Center

09+2t
LA AR B!
1061
Eleo1
gEg°sl
95°91
€9°91
18°€1
066
gr°2l

42-22

6E°6
L15°11
g0°€T
0591
62°81
266
LS+ 11
cecl

$2-22

06°T1
8S*L
0v* s
g0°11
ch*6
2201
10°8
L6°*S
19°¢
9G°R

g2-12

LE*L

94901
cs*El
L0°€1
28°61
6121
si*s

88°8

2e=~-02

$S°El
6621
ge*tl
CR AR A
g€°9l
61°91
1491
28°%1

22=02

veele

._m.o

96°01
g1l
11y
%946
®9¢9
81°L
SE°T1

12-61

£2°9
9511 1S°6 048
0€e2T 881 £1°S
£9%6 96°8 %9401
LR*ET 60°%1 LE*G1
0T+6 SHehl Toenl
09¢€T . Iuelt §6°9
Te+21 65°01 29°11
06°€1 00°81 09401
CORR R 89°41 6§1°6
02-8T1 81-91 91-41

TVALIINT 3WIL SNITdWVYS

66°81
16°91 19°G1 8091
2021 051 99°61
g2*sl 9691 gg*6l
91+91 0021 9241
0wl 86°81 691
2681 1Le21 Tlebl
£6%02 92°€1 g8a*9l
02-81 gl=-91 91=-%1

T9AE3INT 3WI1 SNITdWVS

82L £2+21 96°SS
02+11 0g+s1 904
1601 €01 ghe 11
1011 69°21 16
686 0G+01 b6°€1
298 96°L BRSNS
2L*8 01°6 T 99*6
1901 £2°*9 he*H
15°%9 £b°Q . 9%y
09°6 B1*6 bpe il
ET-L1 L1-G1 ST-€1

WAL IINT IWIL SNITdWYS

85+8

66°1

96°¢

$Tegl
1141
geeel
4891
LE°T1
258l
19°91

v1-21

6942
60°£2

8G°€2
0l+61
151
Ylegl
s261

H1=-21

09,1
L9*0¢E
elepl
L2°91
0%s02
gEdegl
€601
9f 11
0001

60°21
€1-11

06°S
0l-g
alesl
SH*6
£L*%e
8L+ 11
CERAN
£v°8
61,
0s*8

21=-01

r

glee2

. 0&e22

veEe1e
gleal
gz+91
8961
se*02

2l-01

6l°1¢
1212
Rl
0902
1¢+22
Oxel2
g4°G|

6L°G1
11-6

[ =]

S*4 TIWHINZD 30ISH3IAIH 12
8 *S*3 30ISH3ATH 02
d2dv ySnzy g1
WHVd ATHIHLIVIS 41
U2dvY YNOWQd L1
0J3dv H3I1LLIHm S
S *S*4 NOLH3ININS 8
*H13 *03W HOEHVH Wvd €
4 *S*4 WIZHYNY 2
2 *S*3 NOL¥31N4 4

IWvN 3LIS  3ILIS
112
AVQ €0N 40 NOILYHINIONOD

S*4 AVHIN3D 30ISH3AIYH 12
8 *S°*d4 3A0ISHINIM 02
M¥HVd ATHIHLVIS +1

024V YNOROd FA

QJdv H31lilMm 9

S *S°4 NOLH®3ITINA 2]
*H1J *U3Iw HOEHYH wWlvgd €
é ¢Ge 4 WIIHYNY 2

2 *S*4 NOLIBIIINA 4

INYN LIS 31IS
112
Ava €CN 40 NOILVXINIONGD

S*4 AVHIN3D 3FQISH3AIY 12
B  °*S°*4 30ISHININ 02
02dv vSnzy 91

MHVY ATHIMLIVIS 1

2ed¥ YNOWOd

U3dv HIILLIHm

g *S*4 NOIY3TINS
*HLID U MOEMYH Wlvd
4 *S*4 wIIHUNY

2 *S*4 NOLIH3TINS

F VMmN~
—~

ImwvN JLIS 341
112
Ava ECN 40 NOIJVHINIONOD

S ANMINO~0

31Is
AHIV

%

QO ~NMFT N OO R

3118
AHIv

%

O M~ AMIWNOMN~ DI

31Is
LIV

%

299



T
S 3
ﬁm 2
c 2
e F
3 s
C &
- E
[ m
_&.mm
n ¥ B
20 E
o O 8
ik «

0N

Air Monitoring Center

61'€e

01022
0002
QLS
Ivep2
[S0 8 4
9n*tE
So0*%1

éo~%2

L1tee

11061
S6° 11
S9*8
£EE*HE
99°*2¢
9E*HT
v6°21

42-22

{g*y

€E* QT
$59
90°6
c0+g¢e
$2*5e
46*0€E
20*6

2c=-02

489
8l*8
L6*L
169
€0°*s
2ge
EE*8
€ER*L
£Eg*§
SEg*2

02-81

IVALIINT FWIL ONITTdWVS

1051
01°0€
€6S°S1
€011
L AREA
858t
Ly*92
12461
gE€*2e

02-81

AYALIINT 3FWI) SNITIWVS

92°9

4L°8

6.°9
00°01
1901
€a*gl
eg*gl
K1*g

02-81

G9AEIINT IWIL SN1TdhVYS

291
0f+¢
222
09*1
4: A
U0t
%0 €
eL'e
AR
89S

gi-91

S1*8
FR AR
SL*6
{heg
ey
E8°LF
#4*G2
L8°L1
Is°€1

81-91

LAGE"

9y L
Lot
98°S
le*Ll
§9°01
E0*6h
9u*l

g1~-91

>

19°1
Syel
1g*2
g5l
2g¢e
£6°€
geel
S0°*Y
941

.80°e

91~%1

é9°€
g2°'8
90°S
2048
L0l
ARAA!
ca*9
12+€
13 A

S1=-%1

Lheg

eyt
€1°¢
ST AN

R VAN

A0°9

.22y

9g* Y
91=h1

€5°1
€401
291
£9°1
19°2
12

652
v
9g8°*2

91-21

lgeg
g%*9
el*s
Se*S
Bl*2
88°91
E0*8
1292
ge's

yi-21

9¢+2
£9°E
lye2
802
161
892
92°1
09°1
la*ez

$1=-21

961
¢H*E
1s°1
161
00*€
9L*2
vee 1
912
Tveg
90°*9

2i-0

96°E
cl*9
6S°E
0L+5
€0°E
ge*ed
{y*8
2t*s
33 M4

2l-0

1

3 Avg

2

1

4 Ava

*S*H SITVINOY
*¥19 *12S #LlNnaa
SUAHLOHE ¥3UO0A
JEVOTLH3A

0Jav ¥31SITT0H
40 1804

*02 Nlwvo

S *S*4 Synlvs
HONVYY NOSHIUNY

SOTWYNAGINND

IWYN 3LIS

YN 40 ‘NOILIVHIN3IONOD

*S*H S3ITVZINQO
*H12 *I2S HINOA
SHIHLOHR ¥IUOA

JYVIILd3A
GJav H3ILISINIOH
OH0 1404
*00 NIuve
S *Sed SvynNITvS
HONVH NOSHIUNY

AWYN 3LIS

VN 40 NOLLVHIN3ONDD

*S*H SITIVZINOG
*H19 *13S HINOA
SHAH1OHH H3UQA
JnvIILldg3A

0Jav HILSITIOH
Q¥0 L¥H04

*0D NIdvVO

S 'S°4 SvhNIdvs
HONyHE NOSHIUNY

3nVYN 3118

VN 40 NOILVYMINIDONOD

~ON M NO ST O

k=]

311s 311

112

S

AHIV

%

SN FN D~ DR

3L1s  311s

112

S

LIS
112

IV

%

TN MEFNONSDO

31Is
IV

%

300



SC593.5FR
Rockwell International

N

Atomics International Division

Air Monitoring Center

vg*
161
662
12+¢
08°*S
461
c6*
0L
ee*

g2-12

19°
2s*
Ly
Tyed
Si*€
0e6*
€L2
cle9
1s°¢
1

£2-12

€6°L

6v*6

19+21
18°€1
19°41
68°L

e2*cl
cg*sl
L1l

£€g-12

16°
g1
YL
g€
Sleg
el
28"
18°*
£c°1

12-61

15°

28°

19¢

09+€
0945
60T
ST*€
©G*8
LE*S
0E*y

12-61

$6°2
992

. L9

i8°11
0L°6

1091
2leg

64°91
85°21
i6°11

12=61

v

>

>

121
621
26+ 1
Yg8°¢€
86*

AR
14

1g*1
924

6T=L1

vge2
19+1
sgel
ey
L0+€
(PR
62°1
16%2
L5°2

L1=-G1

cg*

€12
cee
g2
g1+ 1
191
L€
€0°E
ST-t1

TVALIINT 3WIL SNIdwYS

89

911
28

€g9eg
12¢€
291
€11
Ive6
2g9°¢g
164

€l-41

€9
9G*
99
19°1
gE*
g2 1
LE°T

12°¢
l8°*€

LI=-81

Gpe
€2
EE"
2ge1l
S9-.
coe
cG*
9G5S
99°¢
12+1

S1-€l

>

AYARIUINT IWTL SNITGNVYS

9202
§4E
91e€
2449
0L°9
10°21
65°8
STET
BE°0T
9G4

61=-L1

6E*C
162
st+2
6%°S
965
0L°¢
s¥*9
88
6€'4
L0

L1-¢1

H1s1
0g+2
62°2
122
0G4
g2*'t
922
92°S
11°%
£EE€Yy

€1-£1l

AYATIUINT IWTL ENTIIWYS

b2y >
9ce11 >
gle1
19°¢€
SG+2

g6
G7°*¢

90°*g

ET1=-11

29
£Ge
LE"
hee2
69° >
LTARS
L1 >
20w
v1°2
ég*e

€1-11

v Vv

Ig» >
h0e1
li2
Lol
gle2
0g-2
E6g
Gheg
072
S1*F

ET-T1

80T  >ge4 JvgIn3D 30ISHIAIN 12
0le1 > 8 *S°4 30ISHIAIN 02
S92 °S*4 153004 VNOBRDD a1
%92 > MYEVY AH3HIVI4 91
69+ 1 8 °S*d4 WI3IHMUNY 6
gle2 S *8°4 NOJH3ITINA 8
9g ‘YLD *U3IW HOEHYH wWlvg £
het 2 l *S*4 WI3FKuNY rd
£1%2 2 *S°4 NOLY3TING e
li=-6 IWYN 3JLIS  3}1s
112
9 AVQ YN 40 NOILVHINIINOD
2l 1 S*4 AVHIN3D 3IAISHIALY 12
£Ge > 8 *S°4 30ISHIAIY 02
HEe > *S*d 1S3H04 VYNOHOD 61
491 SHVd ATH3NMLIVI4 b1
6 8 °S*4 WIIHUNY 6
Li*E 3 *S* 4 JONVHO L
85°1 S *S°4 NOL®3TNS4 |
*Y1J3 *U3W HOEHYH Wlvd €
CR A 4 *S°*4 WIZHVNY 2
€442 2 *S*4 NOLH3TINg Y
11=-6 IWVYN 3L1IS 3118
112
4 AVQ VN 40 NOLIVHINIONOD
Bo* S*4 IVHINID 30ISH3IAIYH 12
&l B *S*4 301ISu3nly oe
0getl *S*4 1S3IH04 YNOHOD 61
CEel MUVd ATH3HLIVIS L3¢
19°1 8  *S*4 WIIHUNY 6
en* £ *S*4d 3IYNYHO l
69°1 S *S*4 NOLIHITTING 8
2lL*e *H1J *U3W HURHVH W4 3
opc2 2 *S*4 WI3HVNY 2
et e € *S*4 NOIHITINA L
Ii=-6 IwvN 31IS  3iIS
11D

a AvQ VN 40 NOLIwHINIINOS

S ~NMNDON~SOR

3118
IHIY

%

O ~NNMIFNON~OR

118
HIV

%

~N ML N O™~ OO

o

3118
NIV

%

301



Rockwell International
Atomics International Division
Air Monitoring Center

SC593.5FR

60°1
1g°

641
221
411
22°%
0L*s
1%°*s
91°1
89°2

y2-22

8Ll
90°1
29°1
£€8°1
AR
6L°2
aLrt
4g8°*

CAR
121

£2-12

v

>

£€8°1

g9°1
6€E°2
60°1
20?2
9G*e
sg*l
ot*e

e2=-02

€l
gE*1
2et
s9°1
s2°1
e2*1
8T°E
Lol

22-02

L2°t

oL

911
BZ*E
€2*S
L 7R
cv°l
L0°1
[ 4

12=61

>

>
>

0e* Y
1i2 611 €02
seel 60°1 s8¢
961 612 102
0ge1 902 gLel >
10*1 > g2l > o0€°2
29°1 €l*1 > ¢8°1 >
IT¢% ®1°¢ €6
nee BheE 06°E
g0*T > 86°1 20°¢d
02-91 81=-91 91-+1

AYAEIUINT 3WIL SNITGWYS

02+*9
614 Sl*S 2g°1
€9+t 115 %g°S
€g°1 L2*2 Si*t
b2 L¥*S 190l
€211 004 6601
2€'t Le*o1 g1°11
gyl 1%*9 gye01
02-81 81=-91 S1=-%1

IVAEILINT 3WTL SNITdWYS

el 19* > (g1 >
€2°2 > %51 > |[G* >
L 91*1 > 1g*
291 £l1 g

6 gT*T > [IR* >
92°*9 > 99'¢ . 61°*S >
60°1 101 Tetel >
£E*1T > 96T > 01°1
es*l > i8°1l > . Ll"
$1°E vg* g9t >
61=-L1 L1=-S1 cr-tl

IVAEIINT 3wIl SAITdWYS

104
46

Che?
Be°E
GHe2
£9+2
SE*2
2hg
962
902

vl-21

eoe°ty
401

~LE*Y
8L*8
L20Y]
v9°21
96°6

yi-21

tye
0Te1
(oA
Lle
e
GE*4
S6e
g9
£Ehe
b6

t1-11

v

¥V VV VV VVY

v Vv

v

¢2'2 >S°4 TIVHIN3ID 30ISH3AIY 12
€yl > 8 °S*d4 3JQISHIAIY 02
2he2 QJdv VSNZY 9l
S92 > WUV ATIHIHLIV3IA %1
261 > U2d¥ YNOwOd L1
29*2 > Qodv HMITLLIHM S
HlsL > S *g°d NOLEATNINA 8
BL*T  >*HLID *03W HOBHYH W¥d €
gs*E > 4 *S*4 WI3HVNY Z
bg*E > 2 °*S"4 NOLH3ITNg ¥
2il-01 InvYN 3LIS  311S
112
r Avo YN 40 NOILVMINIONOD
01+2 >S*4 TVHINID 30ISH3IATYH 12
04T > 8 °*5°4 301SH3AIH 02
' HHVd ATHIWLIVIS vl
U2dv YNOrOd L1
ceE*y - 00dv H3IL11llHm S
gE* L S *g°4 NOLIHITING q
0e°*s *¥13 *03w u0BYHYH Wlvd £
gu°gl 2 *S*4 WIIHVNY 4
L'l > 2 *S°*4 NOEY3TING L
21-01 IWyN 3LIS  3LIS
112
I AvQ VN 40 NOIAVHINIONGD
0L¢ >G04 NYHINAD JFULISHINIY 12
1% 8 °S°4 301sy3IAIY 0e
CI 02dv vSHZv 91
89° MHVd ATHIHLVI4 1
|d* UJdvY UYNORODd FA S
Ly*e > gJdv ¥3Ililmm S
0Ge S *s*4 NOIBATINS 3]
*HIJ *U3W HORMYH WVd £
2 *$*d WIIHUNY 2
¢l 2 *S°4 NOLHITIINg L4
11=6 3wyN 3LIS  311S
115
H AVQ YN 40 NOILvHINIINODD

S ~NMFTNON~OR

311s
IV

%

Q- DD

31Is
IV

%

S~ O~D R

LIS
NIV

%

302



Rockwell International
Atomics International Division
Air Monitoring Center

SC593.5FR

N

60°€

gy-2
§L*Y
18°2
92°1
2L

6G°

%9°2

$2-22

20°9

9905

98°9
%Gy
Tt+e
86
18°
L1

2e=-02

€22
911
1142
FA AR
ée*
I8
6122
£g°
Hpe
11

02-81

TYAE3ILINT 3WIg SNITIWYS

9L*E
gg+ 1
S0°1
£9+%
0241
612
€0°1
%91
02°1

t2-81

AVAEIIND 3WI) ONITIWVS

22°*9

€9°Y
L%*9
bYReY
£8°1
€9¢2
LG*E
BG*%

02-81

AvAEIUINT 3WIL SATIdnYS

0E-S
ég° 1
SE*y
1g+¢€
g9
Ly°1
Opee
28

€8°

81=-97

0y*n
{9+g
06°S
£0°2
£GeS
sg*1
|4 R
0L°

g2°1

81~91

9E*S

88°*9
0642
0L+
$8°2
6v°*9
oLef
8L°1

81=-91

>

se°2
6L°%
LE*S

Ty

2248
€12
99+¢2

45
Se*

91-%1

968
61°*s
166
0geL

E€e01

SHeYy
10y
0L
96y

91=%1

glel

Yhel
948
92*8

-92°L

g2t

855

20°¢t
91-%1

592
€842
€€y
£5°¢
88+
E€ 4

08*1
teeg
09

bl-21

£9;
Li*g
GEe,
Sa*
[l
£yeqg
8l*c
814G
| AN

v1-21

LART]
90°¢g
L6*9
L6°9
£€eg
[v*g
EE*2
1G+g
0b°c

vi=-71

252
0g2
9E*9
092
9l+h
ée*1
€61
vE*T
60*1
el

21-01

J Ava

v5°9
SG*4
i8*S
L0*9
sleg
€69
TR
852
St

21-01

8 Ava

EL*€E
G €
19°*L
29y
PR}
2g*e
Ohey
€ly
H0*4

2l=-0t1

v AvG

*S*H S3TVYZNOY
‘¥ld *13S HINOA
SHIHIO0YA HIWOA
JHYITLH3A

Qoaev HILSITNOH
Q40 1un04

*00 Nluvy

S °S*d4 SvnITvs
HONVY NOSH3UNY
SOIWYNAQINN

3WYN 311s

1S 40°NOILVYHIN3IINOD

*SeH S3TVZNOY
*Y13 *12S HLINOA
SYIH1048 ¥3U0A
3YVOTLH3IA

024V ¥3iSIT0H
a¥0 1404

*09 NIdvo

S *S*4 SUYNITyS
HONVY NOSHIUNY

3IWYN 311S

IS 40 NOILVYHINIONOD

*S*H S31vZNQY
*H1J *13S HLNQOA
SHIHLIGHA ¥3IUOA
3¥YO1143A

02dv H3ILSITI0H
40 Llu04

*02 NIave

S *s*4 Synlys
HONVY NOSHAONY

InvN 311S

1S 40 NullwniINIINGD

311S
113

S

311IS
112

el
%1
st
91
FA¢
9
l
4

G

EFREN
112

OmNMINON~ND O

311s
IV
%

~NMIFINO~DO

311s
LY

%

= ANMETNDO~DR

a1Is
RERS

%

303



g
S 3
mw =
c B
o c
w~ 8
£ 8
=3 3
o mm L
o ¥ 8
5 O E
o O £
L o«

N

Air Monitoring Center

8L*
g2-12

0i*s

g0°*%
€82
Sg°f
89°1
sE*E
60°2
611
26°

£2-12

>

O%°E
69°¢
92*

S¥°*S
ig°E
1e°€
2e-1
L FAN!
YA

12-61

gyl
21+
1e*

¥8° 1
08¢
02

181
¥yee
L1
69°1

12-61

SL°E
6E*Y

g2

LEAS4
042
L6+ 1
16y
G52
£l+2
or*t

12-61

- ~

105 9Ly 6€°€
g4°5 86°€ L9°%
$5*9 $9°5 81*S
£1°S £6°E L€
0G4 60°€E 9g*2
g€y 15+2

0g+2 66°2 g0°1
9E € 08 '€ 18°%
89°2 21°¢ ST
61-L1 L1-ST  S1=-€l

AVAEIUINT JWIL ONITDWYS

19°2 S{°¢t 9g+¢2
10°¢€ 68°1 012
€0°*1 e 29
i8*2 CA AR eged
[ it e
L1 lye - gee >
€Fe T €B*
£6°1 S1°¢€
v1°2 %0°*2 62°¢
£€6°1 se* 1 v€°e
61=L1 L1=51 cl-tl

AYAL3IUINTI 3WIL ONITGWVS

£Q*2 él*€ ca*t
BHeE LARR Cl°E
904 g2t 1a*9
LFRAS AR 2H Yy
02+S 90+*9 9E*9
E0*% g+t JARRS
2R*e 60y 02
962 IR AN hE*h
i+t 6l L 0Get
21te 22t [R
6T-41 L1=-61 g1=-t1

WAL ILNT IWI] SNITdhYS

€2 g
84061
S8 €
L9*E
659

L1e2
2h*y
€4y

El-11

Lg*1
96
el
L1+2
A
Li«2
€0
661
66°1
SE*?

ET=-1T

661
lE-2
LG*E
L2+f
0c*
lge2
Oysg
€0°f
0E-2
061

€E1=1T

1e*s S*4 VuINZD 3QISH3ATY

LARR 8 *S*4 30ISHINIY
9E*S *S*d4 1S3IB04 ¥NOROD
0Ll WHVd ATIHIHLVIS
4heg B °S*4 WIFHYNY
9g°*¢ S *S*4 NOLYITNINS

1i*4 Y12 *U3NW HORYHVH Wlyd
So'E 2 *S* 4 WIAHVNY
L6*S 2 *S°4 NOLIH3ITING
11=-6 JwYN 3J11S

9 AYQ

.

9¢°¢ S*4 TIVHINID 30ISHIAIY

Ey* 8 *5°4 30ISY3ATY
Sy *S*4 1S3404 YNOHOD
Lg*1 WYVd ATTH3IHLIVIA4
L2 > B *S*d4d WIAHVNY
69°F 3 *S*4d 3JONVHQ
0L~ 1 & *S*4 NOLHITINA

*dLD *U3W HOPHVH HWvd

ey’ 4 *$°4 WIIHVNY

gEe*l 2 'S*4 NOL1E3IINg

[l=6 3WYN 3LIS
4 AvQ

glse S*4 TvHIN3D 30ISHIAIM

61 B *S*4 FOISHIAIYH
weg 2 *S*4 1S3¥04 YNOHOD
gu*2 WAHYd ATHIKLIVIY
20*¢€ ¥ *S*d WIARUNY
SHee € *S* 4 JONVHO
RN S *8*4 NOLY3TINI

LI*E *HLD *U3w HCAMYH kv4d
9442 2 *Svd WI3HYNY
Ciee 2 *S*4 NOI¥ITIINA

I1~6 InYN 3L1S

G Avd

1e
ne
LR

B AV Eas I~ sle B J
—

3118
112

1S 40 NOILIYHINAINOD

JLIS
112

IS 40 NOILVMIN3INOD

12
oe
61

E AN B o o it B0
-~

3118
112

ls 40 NOLLy®IN3DNOD

MWD M~

<

311s
IHIV

%

Qe NMe N0~

4118
MY

%

S M-I O DO

311s
GHIV

%

304



Rockwell International
Atomics International Division
Air Monitoring Center

SC593.5FR

96°¢
S5°9
0ge

802
g6°2
62
6v°2
v.0€
£€2°¢

$2-22

g€°1
19°1
¥S*
91°1
6E"
lE*
9g*1
62°1
621

42-22

16°2
96°F€
€52
10e2
8- 1
€86
89°1
68°

26°

£€9°*2

£2-12

1S5+2

0%°€
662
SiL*t
L€
042
£E8°E
26°¢t

ec-02

921
Lo
09°
1L
99
i18°
02°1
€91

22-02

£6*8

CR AR

IR AN
112
to-t1
v6*l
191
09°

eret

12-61

£hed
61°C 1g°1 092

09 112
$geg £G4 £L°9
92¢ 1€ &0°*¢
Toes 6l°€ 2g*Y
€2°S . 29t [YRL4
€ped L8*9 €02
EG°*E 96 ¢ Sl
L6t €2*¢€ 16*¢E
02-81 81-91 "glesl

TVAE3INT 3WIL ENIAWVYS

60°1

0ge > 42°1 06°

> 4g°1 (WA > 102
£€-1 %91 . ig* >
bgel Y6 O02*€
£6° 62° 0ot >
96° £y 2E*
9g¢ lE® £8°
02-81 81-91 91-%1

TYALIUINT 3Wl)l SNIdWVS

€2+2 £6°2 18 &1
STed €£1°6 L1
bEel 14e2 g€
122 ghel 00°€
CHETS gO*€ LTl
€1*2 > 2°1 geel >
&ng 242 042
Sh* > l9° > ¢gq°

> 111 19*1 .el1%e
2G*4 15°1 | S &
E1-21 L1-G1 ST-£1

IYALIAINT 3WIL SNITTGhYS

—

E0€
el

66°1
69¢2
€leg
0T+g
2€ey
Y6°f

y1-21

g€
ge*1

[ge
gt
10°1
og-
Lo Mg

vi-21

S22
E€e2
052
02e¢
ETe1
Lyl
S1*2
£9°1
011
L6t

el-11

12 S*4 AVHINZD 3QISHIAIY

&y* > 8 *S*4 30ISY3ATY
el+2 03dv vsnzv
So*d MYV ATHIHLIVI4
€81 U3dv ¥YNOWOd
00+ 03dvy H3IILLIHm
Eve2 > S *S*4 NOLYITINA

ggee *H1J *03W HOBHYH Wlvd
€E6°€ Z *S*d WIIHVNY
91*g 2 *S*34 NOL¥3TIN4
2l=-01 IWYN 311S

r Ava

2L >S4 WHEN3D 30ISHIAIH 12
1L 8 °S°4 30IsSu3anly o2
MYVd ATHIHLYI4 41
(2dY¥Y YNOWOd L1
6%* - Godv ¥311LIHM g
£E 1 S °*S*4 NOJY3TINd 8
19° >*410 *03W HOUHVH Wlvg €
8%° 2 *S*d4 WI3HUNY 2
65° > ¢ °S°4 NOLHITING
2l-01 IWYN 3LIS  311S
112
I ava Is 40 NOIivHINIONOD

L1*g S*4 AVHIN3ID 3aISH3ALINM 12
G001 8 *S°4 30ISH3AINM 02
9l«2 d2dY vSnzv o1
101 MYV ATHIHLIVIS vl
10°1 ad2dvy YNOwWOd FA
£9°* 0J3dv H3111IHm 9
c6°1 S *S*4 NOLIHIING 8
*H1D *U2W HOHMYH Wlvd £
Zl *S*4 WIGHYNY 4
€22 2 °S*4 NOLH3TIN4 4
[1-6 InvyN 3LIS  31IS
112
H Avad 1S 40 NOILwHMINIINOD

12
02
o1
1

<+ N W
.t

3118
112

IS 40 NOILVHIN3INGD

S AMNMENON~DODR

311s
NIV

%

O ~MNM N OV R

3118
THIY

%

O~ NMIFPNDON~DODO

LIS
IRIV

%

305



tvision

5€593.5FR
Rockwell International

Atomics International D

n

Center

itoring

Air Mon

ese 1

Sbel
2€°1
0T-1
181
cE*T
L0+2
S8

c0-%2

sT°*1

SE° 1
Tl
LE*T
ge*é
Bgs*

161
a1t

y2-2¢2

26

041
g0+1
60°1
geel
L9

162
10°1

ee~02

>

aley
L1°€E
A A RS
g2
L6*S
g

€04
v6°*E
1€y
g0s*€

02-81

AYAEILINT 3WTL1 SNITdWYVS

€8°*S
1g+¢
LA AR
€E*9
Tass
£6°t
Bg*d
96°E
H8* 11

02-81

AVAEIUINT 3WIL SNITdhYS

99

911
La-
[ARAY
901
Ce*
(SR> Rd
06°*

02-81

TWAEIINT JWIL SN11dhvS

Lg*e
gh*t
SE*tE
10°€
1o+
TL1'E
LEE
80°*S
66€
€6°9

81-91

gE*Y
8c*¢€
22+t
LA AR
gv*e
60
0E*€
00+9
08°*9

B1-91

g0 1

L0°1
L9*

g€
9€* 1
"B

L1l
L1

81-91

Lg1
cg*1
2g°2
€12
£ge€
§H°E
961
9G4
$0S
61°*S

91-41

L1g°1
02+2
69°1
0o+t
lge

00*%
ga*1
€ER°E
oe*y

91-%1

K

L&*
16"
. \N-
6L
Ch*
061
06°1

CAEAA!

le*1
112
191
eeE*e
Oyeg
152

10*€
BZ+€
6L

v1=21

9Ll
£g*
86
El* T
gy
6% 1
A A
201
EE*2

H1-21

lee2
GG
TAN!
&h*
Lo
9l 1
£E1*1
LFe1
(R

LALT AN

>

20*¢g
£o*e
8Ll
60¢¢
Lu*E
Yyt
Iy 1
éé*g
8+
90"y

2l-01

J Ava

LARA
EEN

Lg*
Ly 1
25
S0°1
ot >
huel
9t 1

21=-01

8 AvVQ

6% 1
£ne

cerl
g2
0tl*e
162
ee*l
IXax+4
L2

2l=-01

v AvQ

*S*R S3VINOO
‘Y10 *I0S HINOoA
SYIH]OHH d3UGA

INVITLETA

0Scv ¥3L1SIT0RH
a0 Lu04

*00 Nluve

S *'S*4 SvynlTvs
HONYY NOSHIUNY
SOIWYNAQINN

3WVN 3LIS

$ 40 NOILVHINIINOD

*S*H S3TVZNO9
*¥1d *I2S HINOA
SH3H108A H3GOA
34YO1183A
00dv ¥3LSITOH
0¥0 1404
*03 NIovg
S *S*4 SYNITVS
HONYY NOSYIGNY

IWYN JL1IS

S 40 NOILVHMINIOINOD

*S*H SIATVINGD
*8313 *I3S HINOA
SYIHLCHE Y3UQA

3YVOILaIA
Q2cdv H3LISITI0OK
ax0 1u04d
*0D Nlivvo
S *S*4 SYNITIvS

HONYH NGSYIUNY

INVYN 31IS

S 40 NOIIvHINIOINOD

n & D -

€

311s
112

S

311s
112

281
LA
St
o1
L1
9
é
4
S

3118
112

O NN ME N OM~O;

311S
HIY

%

~_ NN O~

3118
RIEDS

%

— NMFH OO

311IS
BLERR

%

306



ivision

$C593.5FR
Rockwell International

Atomics International D
Air Monitoring Center

Ll
19°
9o
942
€92
teet
cge2
812
28°1

g2-12

292
gEve
96°

FARY]
Sle*g
22
SL*Y
6L°E
L0
LE*Y

g2-12

9€°2

112
A AR ]
c2°¢
Y6°€
€0
$0°€
£1+6
99°49

ge-12

€2

yle1
12°

152
v6°1
68°E
seel
L2°2
syl

12-61

142
€0°€
Ll

$E+9
gEt*s
012
T4+
$S*Y
96+S
FARE

12-61

402
0T+

Gﬂo

CLAS
19°1
06°t
Li*E
vEE
6L°S
6L°S

12-61

>

2g°*

99+1
ORe

gE*2
cget
gsGee
cgel
sg*2
vg*e

61-L1

AVAZ3UINT 3IWIL SNITNIWVS

12°*€
0geg
0g*€
£6°9
01°+s
1€°€
0ge€
0g*9
865
£G°*9

61-L1

AVAEIINT AWIL SNITGWYS

912
0g+2
€€°2
€29
SN2
4G E
10°¢€
e2l2e
TR«
064

61-L1

TgAEIINT 3wIl SNITowvS

951
€901
CIRR
2I*E
g9°1
12+2
192
9€°€E
1v°€

L1=-81

929
1€
L1+
HTleL
16°1
11 ARY
69"

L TAYE
0€°6

L1=-61

S04
€049
SHe€
08°*s
i8¢
H0Y
S1°€E
£l°e
Tl
ig*#

L1-61

0z°

40T
96l
L2°E
4Ge?

vpel
0o*c
Y6°%

ST-€1

gLy
19°2
02+2
9L%L
65°¢
0ge4
SS9
01°8
{18
2L

st-el

6€°E
goey
045
Y86
092
26°6
2g°*L
Rl
€9°L
(R

g1-¢l

LT1
Gl+¢
b8

2le2
L1°1

IR AR
vice
1e+e

£l=-11

1s+*c
L8*¢
002
£9+q
lgeg
60*6

bheg
00s01
S0°*6

£1-11

$8°¢
20.¢
Y6°S
BYeg
Sl*}
9L*6
944
E6°01
00T
chHF

EI-T1

lee >Se4 MVYHINID 30ISYH3IAIY 12
6c* > 8 *S*4 30ISH3AIY 02
91e *S*4 |S3IH04 YNOHOD 61
06° MYVd AH3KLIVI4 1
£ 1 8 °S°*4 WI3HVNY 6
CR AR S *S°4 NOL¥ITINA 8
S0-1 *M10 *U3w HOBYVH Wivg €
€€’ 2 'S4 WIIHVNY 2
L0°1 2 *S°*4 NOI¥3IN4 v
li=6 IWYN 31IS  311IS
112
9 Ava S 40 NOILVYHINIONOD
8L°*% S*4 TVHIN3D 30ISH3AIH 12
22°'E B °*S*4 30ISY3AINH 02
0ge1 *S*4 J1S3IN04 YNOHOD 6l
G0+g NHVd ATHIHLIVIA %1
204 8  *S°d WIIHVNY 6
QgL 13 *S*4 JONVHO L
LL*9 S *S*4 NOLH3ITIINS g
*¥LI *03W HOEHVH Wvd £
12+8 l eGed ‘WIFHVNY 2
Sse L 2 *S*4 NOIB3ITIIN4 4
11~6 IWVYN 311Is  311IS
112
4 AvQ S 40 NOILYHINIONOD
€YY S*d4 IYHIN3D 30ISH3AIY e
g86°*Y 8 *S°4 3INISHIAIH 02
8% *S*4 153404 VYNOMOD 61
02+g ¥uvd AIHIHLIVI4 %1
gU*9 8 *S*d4 WIFHVNY 6
£g9° € *S*4 3ONVMO L
S04 S *S°*4 NOLHITINS 8
$9*q *H1D *03W HCFHYH Wlvd £
IseR Z *S*4 WIAHVNY 2l
ey 2  *S*4 NOLM3TINS 4
I1=-6 IWVYN 311s  311S
112
a Avg S 30 NOIiwdINIDONOD

0N MO~ 0,

L]

311IS
AHIYV

%

O e NMF N O~ 0D

3118
IV

%

~NME N O~ DO

o

3118
HIY

%

307



ivision

1D

. nternationa

Rockwell International

SC593.5FR

Atomics !

I\

Air Monitoring Center

c0°t
1501
§0°1
§2°2
€0°1
g5*2
16°1
292
09°1
0v°1

v2=2¢2

LL®
L XA
bhe
82"
Te*
glel
22°
22
ve*

42=22

€2
LI
ce
652
et
£yt
gyl
[
£E*
eyl

ge-12

v Vv

v

€9

19°2
g2
L2
881
88°1
EE"
ge*

e2=02

s2e
BE®
1€
12
e
b2s
L6*
02"

¢e~02

L8t

LE®1

052
g6l
CA AR
e6°

13 B!
g

ge* i

12=-61

v Vv

v

vV VVVVYV

€gel
oe*1 g9°*¢2 i8*
€2 > 48°* el
s0°2 0g2 o0geé
€l 691 0g*1
Hhee > g+ vge
922 691 ¢L*E
€9*¢ %62 eg*e
961 66t S8+8
£6* 1 29l 69*9
02-81 g1-91 91-%1

TYAR3INT 3WIL SNITGKYS

22+ 1
Ohe > 4Ge L
Lhe > 16 > 961
12 > £g* |8 KR
12 > L€+l 2ge1
b6 60°1 Yy
£6° €2°E 89°€
90°1 £E°€E 01t
02-81 81-91 91-%1

IVAE3INT 3WI) SANITdWVS

£6° 69* 81*2
112 g1 lg*

Lye > 89* ger >
612 AN LT A
902 68°1 26°
g4°€ g€*e  0R*l
sce1 €01 gEl1eé
vl 80°1 £s*1
€01 §2°2 . 69°1
g1°2 99°€ 68°2

61-1L1 L1-91 c1-tl

AL IINT 3wl SNIThVS

06t
Stle

191
Le*€
6+ 1
(ge*g
haee
10°¢
LBy
L6*2

#1=-21

2lsg
19+2

[\ ¥
121
19y
g9
L0°2

y1-21

29

112
cle

Eleg
gtel
IXAN!
0i-g
e
13 R
2ere

£E1-T1

%91 S*4 VHIN3D 30ISH3INIH

0he > 8 *S°*4 3J0ISY3NIH
g9+ 1 Q2dV vSnzy
L1+2 HHVYd ATHIHLIVI4
6 1 UJdv vYNOrOd
06*¢ Q3dv H3ITL1ilnm
Lg°*9 G *S*4 NCLHITTINS

vl *¥1D *03W HOEBYH Wlvd
2E ey P *Sed WITHVNY
6% 2 *S*4 NOLY3IINA

21-01 JWYN 3LIS

M AVO

59°1 S§*4 VYINID 3QISHIALH
96°1 8 *S*4 3QISY3IAIY
MWHVd ATTHIAHLIV3S

a2dv¥ VYNOWOd

£gel QgJdv H3I1lIHm
hye S *s*4 NOLEIATINS
192 *¥L1D *U3K YOEHVH Wlvd
9L* 1 e *S* 3 WIFHUNY
v6° 2 *S*4 NOL¥3ITIIN4

21-01 JwvYN 311S

1 Ava

101 S*4 AVHINID 30ISHIALY

611 8 *S"4 3FQISH3AINM
10«1 g2dv vSnzy
LE*E Vg ATHIHLIVIA
[ AR J2dv YNOwQOd
9y 1 Addv H3TL11l1lHw
Oy S 'S4 NOIM3TIN

*H1D *U3W HOEHYH wlvd

2 'S4 WIIHUNY

eLte l *S*4 NOLY3TTING4
1i=-6 IwrN 3L1S

H AvQ

12
0e
91

L1

& NNM DU

JLIs
112

S 40 NOILVHINIINGD

12
02

FA

4+ M D

311IS
112

S 40 NOILVHINIONQD

12
02
91

FA

F NM O

311s
112

S 40 NOILVHINIDINOD

O AN ME N O~ O0

3118
TRIV

%

O AMNMITNOCR

LIS
IMTY

%

S AN FDO~DN

3118
HLY

%

308



Rockwell International
Atomics International Division
Air Monitoring Center

SC593.5FR

N

241

8.°91
62°€1
CA A

8602
S4*02
62ece
€211

20=-%2

02°91

clesl
26°S
THe

1S ¥
egece
€6°11
€L°%6

¥2-22

€

LYY
hE*

0s*

g9l
8s* 02
$0°0€E
06*8

22-02

>

49 > hye >
69°1 2G* >
0E*1 09 >
g > Gy >
€6° > EL* >
€ge > g2l
4. > 24 >
99 > &8¢

S5 > 12+ >
bl > E6° >
02-81 g8l-91

AVAEILINT 3wl

22+2 HE* >
62°L1 9g°1t
0€°*9 %6°

€6 62° >
gge2 SEe >
90°€2 9661
g8L1°61 Le*21
b8 969
YR > 1be2
02-81 81=-91

ON-

9pe
6g*
(-3 2
£y
LG
9G*
2G*
0L*
1L°

91-%1

ONITdWYS

2z2° >
LE*1
b2 >
92°*
02+ >
1€
%22
St >
v6° >

v

91-%1

TPAXIINT 3WIL ONTIOWYS

L 0o >
Slel 1ge1
0eel 0" >
€6* > 26+ 3
€se1 $G°01
€18 9%*gQ
€29 925
£0°¢ 0be2
02-81 8191

Thhe

9€"* >

é2: >
v

v

LE* >

0pe2
el

v

is8°* >
91-%1

TeATIUINT 3WI) SAIdWYS

My

VVVVVVVVYVY

8% -
13
SE*
94
ELe
15°

09
19
€L"

Y1=-21

12
06
801
S0°1
THe
Eley
S0°*2
S1i+*1
Sh*y

v1=-21

Che
S9°
22
XA
Lye
15
ce*
e
T4

Hl-21

VVVVVYVY

v Vv

>

v

VvV VVVVVYY

2he
st*
oge
by
k2R
LLt
82
09"
09
06°

2l=0

0ge
v6°1
qLe
0ge
1€
1946
09°*g
0Te2
00°2

2l=0

g
130
ege
by
Oy
AN
6e*
fer .
6t "

el=-0

VVVVVY

v v

1

3 AvO

1

8 AvQ

V VVVVVYVYVY

1

v Avd

*S*H S3TYZNOY
*H1Jd *12S HINOA
SH3HLOMA H3UOA
34vII183A

Q0dv H3IISINI0H
040 1504

*00 NIdvo

S *°S*4 SYNIvs
HONYY NOSH3IONY
SIIWYNAQINN

IWVYN 3LIS

0 40 NOILvYIN

*S*H S3IYZNO9
*HIJ *10S HINOA
SH3IH1048 ¥3UOA
3YVYOIlE3n

02dVv ¥31SIT0H
gH¥0 1404

*03 Nluvg

S *°S*4-SVNITvs
HONYY NOSHIUNY

3IWYN 3LIS

10 40 NOILVHINIONGD

*S*H S3ITVYZINOD
‘Y13 *I2S HLINOA
SHAH1I0HE H3004A

JYYIILU3A
03dv ¥31SI10KH
QHO 1¥04
*00 Nievo
S *S*4 SvyNIlvs
HIONVY NOSHIuNY

3WYN 3116

13 40 NOTIVHiINIINGD

3118
112

30N0D

S

a11s
112

S

3118
113

O MNMIEN O~ O

3118
IHIV

%

NN OO

311S
HIV

%

~ANMFINDON~TOO

LIS
AHIV

%

309



SC593.5FR
Rockwell International

N

ivision

Atomics International D
Air Monitoring Center

162
AR
£0+2
0g°*€
1i€
gl*¢E
g89°*Y
g6y
0%
£Ev*9

ge-12

102

052
692
§5°¢
29°E
g9g°* 1
L8*F
90°S
§G°E

g2-12

66°%
2g+2
22°

49 €
594
£6*8
g6° 1l
5§94
y6*2

12-61

91*1
el*1
0ee

9heE
le*e
B6'<
A AR
LG
96°S
G1*%

12-61

g2
el
vLel
g6°€
cf*C
9L*E
112
0L
194

61-21

TYAEILNT 3WIL ONITTdRWVS

gge1
99°+1
6L°¢
£g*¢c
L0°€
L2*e
eHE
LXAd
2L's
69°¢

61-21

TVALIUINT 3WI] SNITIEWYS

€21
go*l
0g*1
€942
co* 1l
29+2
RO
ey
LR+
16*€

61-L1

T9AEILAT 3WIL SNITahvs

0T-1
G4 T
gLe 1
g€
652
69°2
0g+2
18+9
S8° Y

L1-61

el*1
g6* 1
912
LE*C
98°S
ge*e
142

hGt Y
69°€

L1-51

66"

gerl
LARLR
16+1
0ce 1
g1°1
fhel
¢9°1
99 %
g1t

L1=81

0ge

962

0ge1

ggec

v6°1

2ce1
0945
bE*E

§1-€1

1g°*

eer 1
€0l
sgel
102
ce* 1
EFe2
erel
26°2
g

gr=-gl

9L°
£eel
€L
07+l
LTl
crel

BT

CLAR!

AR

10°¢
cr-tl

vl
€86
£ge1
AR
9l*e

Ls1
Gl %
¥S°E

€l1-11

og-

AR
LB*

2y1
102
gLl
£ce

yLe1
cE*Z
[L*€

£1-11

il

2091
L1e1
Hhel
heel
Swel
07
TER
L1602
g1°2

ET=-T1

2HeE G*4 TTYHINZD 30ISH3ATYH 1z
102 4 *S°4 301SH3NIM 0e
g6 *S*4 1SIH04 YNOBOD el
12+¢ MYVd AIMIHIVIS 91
1€ # *S*4 WIJHUNY 6
8L E S *g*4 NOLIH3TINA 8
FAAR *Y1D *03w dOBHVH KWVd 3
262 é v 4 WIIAKYNY Z
2%°€ 2 *S*4 NOLY3ININ4 Y
11-6 JWyN 3LIS  311IS
112
9 AVO &g 40 NOIIVHINIINOD
ve* 1 $*4 IWHIN3ID 30ISY3IAIH 12
€€ 1 8 *S*4 3QIsSy3nly 02
921 *G*4 153H04 YNUWOD 61
2yrl YHYd ANH3HIV34 41
vyl B °S*d4 WI3HVNY 6
901 £ *5*3 Jgnvyo L
ge 1 S *S°4 NOLIM3NINA 8
*HID UKW HOBHYH Wlvd £
ev*2 2 *S* 5 WIZHUNY 2
8L 2 *"S*4 NOTM3ATINA 0
11-6 AWYyN 311S  311IS
110
4 AYO Ed 40 NOILVHLIN3IINOD
LLe S*d4 VHINID 30ISy3IAIM 12
LT 8 *S*d4 30ISH3ININM 02
cuel *G*4 153404 YNONOD 61
AR WYV ATHIRLIVIS "1
€501 H "G4 WIZHYNY 6
601 £ *Gr g JONUHQ l
LY S *S*4 NDIH3TINS S
Teed *H1D *UTW MOFHMYR wilvd £
e AN é *Gr g W]ANYNY l
et e 2  °S°4 AQIHITING L]
11l=6 3kYN 3LIS 311S
112

a0 Ava td 40 NOLIvMINIINOD

S =N MO o~ 00

311s
IHIY

%

QD NMEIN O~

311s
AHIV

%

D ™M DO~ DR

311S
RI"eg |

%

310



Rockwell International

Atomics International Division

Air Monitoring Center

SC593.5FR

N

6E° Y
€2°g
Soe

€2°9
gy
$1°6
22°9
18°S
10°9

b2=22

69°%
0L1
L6°2
L0°E
1s°¢€
Y6° %
£0°9
2E*Y
aL*s
21°9

€2-12

yle2

86°%
409
€80
28*L
6L°S
€211
$0°6

22-02

66°2
0%

S9°*9
22es
g0°*9
(R 4
92+
2e*s

¢2=02

96°t
151

0S°€
L9°E
222
£6°1
€0t
18*¢
£0°9

12-61

lge2
2 AR
154
Sg*S
528
€19
6G°€E
92¢6
€Gg* L

0e-81

TVAEILNT 3WIL SNITaw¥s

€92
0gey

29°S
SL*Y
00°E
61°S
€9y

02-81

TVAX3IINT 3WIL SNIdwYS

21
69+2
lge2
184
2e°1
€02
£6°2
ige

2%%9
0E*S

ET-L1

AVAEILINT IWIL SNTIdWYS

911
€942
SL*E
g+
12+¢€
02+€
b0+2
E0°E
0g+*S
6S5°9

“81-91

£€e2
2L*e
00°5

92°¢t
0r°¢€
B2*2
6%°9
B6* Y

81-91

LE"

es* 1
ég°l
toeg
£le2
w81
BE*E
18°1
L1%9
€29

L1=-S1

112
€0°1
L1*2
152
1.°€
S1-¢€
§0°¢2
(R AT:]
v6°E

91=%

|
992

- L0*E

022
9.

0g*9
€8t

9l=%

102
"

g§1°1
£2e
66°1
6L°1
1242
18°*1

1

1

229’

91°¢
ST=-t

I

cE*g
29+

091
SLt1
00-2
LASES
T1e2
6E°*2
%99
Yl

H1-21

Obel
g2
vt
66°*g
192

b1=-21

AN

Si-2
VA ARt
£le2
v8°1
6E£2
5.2
90°2
SO°F
90°¢

£El-11

®GeE S*4 TVHIN3D 301SH3AIY 12
LARA 8 *S*4 3INISyIAIH 0e
12 0Jdv vSNnzy 91
gu*2 MHVd ATH3INLIvIS LA
9L°1 Q2dVY YNOWO4 L1
02+¢ Gldv ¥ITLLIHM S
828 € *S°*4 NOLEITING 8
£5°2 *H1J *U3W HOPHYM wivd 3
02e£ é *Sed WITHYNY P4
Ry *E e *S*4 NOLHITINS A
el=-01 IWYN 31T1s  3JL1IS
112
r Avg Ed 40 NOLIYMNINIINOD

641 S*d IVYYINID 3QISH3ATH 12
s2*1 8 °S*4 301ISu3Inly 02
MHVd ATHIHLVIS 1
03d4v YNOKDOd L1
€92 03dv H3IL11IHMm S
0ge2 S *S*3 NOL¥3TINA 8
9y 1 *H1D *03W HOPHVH Wlvd £
S9°g e *S$*4 WI3HVUNY 2
L1°g 2 *S°4 NOLIHITING 4
2l=0T1 JWVYN 31IS  311S
112
1 Ava Bd 40 NOILVHINIINGD
o S*4 VHIN3D 30ISHINTH 12
VRS 8 *S°4 3AISH3ININ 02
SR | 0ldvY vSnNzy 91
251 MWHVd ATJH3IRLPIS vl
202 Q2d4Y VYNOWOd L1
162 03dv H3I1LlIum S
gge2 S °*S*4 NOIHITING ]
*H1ID *03W HONHYR Wlvg €
4 *S*4 WIFHUNY 2
£0*4% ¢ *S°4 NOIH3ITINA 4
Il=6 3wVN JLIS  311S
112
H AvQ ud 40 NOILYMINIING)D

—“ NSO~ D

o

3118
K1V

%

O ~SNMETNDODD D

311s
IV

%

QNN NON~SDO

EN e
IHIV

%

311



SC593.5FR

‘L‘ Rockwell International

Atomics International Division
Air Monitoring Center

312



SC593.5FR
‘ Rockwell International

Atomics International Division

Air Monitoring Center

APPENDIX E
GROUND LEVEL SULFUR HEXAFLUORIDE DATA

This Appendix reproduces the SF6 tracer data from the Caltech final
report (3) which are most extensively used in the discussions in this report.
Table E-1 summarizes the times and rates of SF6 releases, and Tables E-2
through E-10 give all SF6 concentrations measured at the fixed ground stations.
The Timit of detection for SF6 was about 1.0 ppt, and values smaller than this
are reported as zero. Missing data are reported as n.d. Ground measurements
of SF6 were also made using automobile traverses, and Figures E-1 through E-7
summarize the data obtained this way in the South Coast Air Basin. These
figures are included because of the excellent way in which they summarize some
of the main findings of this study.

Tables E-11 through E-13 present the SF6 data in the same format as the
results of the chemical analyses in Appendices C and D. In these tables, two-
hour average SF6 readings for times matching the filter collection times have
been calculated. If one of the SF6 data points was missing, the value of the
other point is reported, and the entry is marked with an asterisk. A convenient
way to compare these data with the chemical results is to copy them onto a
transparency of the kind used for overhead projectors, then to read the chemical
data through the transparency.
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TABLE E-1

Summary of Moss Landing Power Plant Tests

SF

6
Moss Time of Release Total SFg SFg Stack *
Landing Release Rate Released Concentration
Test No. Date Fuel (PDT) (g/sec) (1b) (ppm)
1 9/10/74  0il 10 am-5 pm 9.74 541 2.34
2 9/11/74  0il 10 am-5 pm 9.76 542 2.54

3 9/12/74 Gas 10 am-5 pm 9.79 544 2.70

Summary of Long Beach Power Plant Tests

Long Time of ) SFg Stack*
Beach Release SFg Release Total SF Concentration
Test No. . Date (PST) Rate (g/sec) Released (?b) (ppm)
1 10/01/74 9 am-4 pm 5.14 286 2.48
2 10/11/74 10 am-5 pm 4.83 269 2.20
3 10/17/74 10 am-5 pm 5.15 286 2.30
4  10/25/74 10 am-5 pm 8.97 . 498 2.63
5 10/30/74 10 am-5 pm 6.50 | 361 2.00
6 11/07/74 10 am-5 pm 7.74 430 2.27
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APPENDIX F

EXTENSION OF ATMOSPHERIC DISPERSION MODELS
TO INCORPORATE FAST REVERSIBLE REACTIONS

By

Leonard K. Peters
Department of Chemical Engineering
University of Kentucky
Lexington, Kentucky 40506

and

L. Willard Richards
Air Monitoring Center
Rockwell International
Newbury Park, California 91320
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NOMENCLATURE

. -3
reactant or concentration of A, kmoles m

. -3
background concentration of A, kmoles m
reactant or concentration of B, kmoles m

. -3
background concentration of B, kmoles m

. . . -3
inert species concentration, kmoles m

. . -3
species concentration, kmoles m
’ . . -3
background species concentration, kmoles m

reaction product or concentration of D, kmoles 3
background concentration of D, kmoles m-3
substantial derivative

reaction product or concentration of E, kmoles m"3

background concentration of E, kmoles m_3

effective stack height, m

3 1. -1

forward reaction rate constant, m“kmole 's ' for second order reaction
reverse reaction rate constant, mkmole 's™! for second order reaction
equilibrium constant

number of reactant species

generalized reactant species

generalized reaction product species

number of reaction product species

1

emission source strength, kmoles s~

. . -1
combined emission source strength, kmoles s
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wind speed, m 571
downwind distance coordinate

crosswind distance coordinate

vertical distance coordinate

dimensionless ground level concentration

dimensionless downwind distance

Dirac delta function

eddy diffusivity tensor

eddy diffusivity in y-direction, més™!

eddy diffusivity in z-direction, més™ !

stoichiometric coefficients

standard deviation in y-direction, m

standard deviation in z-direction, m

time constant for chemical reaction, s

time constant for transport, s

concentration function defined by Equation (5), kmole m'3
concentration function at background conditions, kmole m-3
function defined by Equation (12), s m3

divergence operator
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ABSTRACT

Atmospheric dispersion with simultaneous chemical reaction is impor-
tant with many air pollutants. In this paper, the concept of local chemical
equilibrium is uti]fzed to obtain analytical expressions for dispersion from
ideal point sources when rapid reversible reactions are occurring. The time
constants for the transport and a general second order reaction are compared,
and the condition that local chemical equilibrium is a valid approximation

is shown to be kc >> 10'35']

except near the source.

In the most general case, a system of non-linear algebraic equations
must be solved using this procedure to obtain the spatial distributions of
the species concentrations. However, this is still more readily accomplished
than by numerically integrating the governing partial differential equations.
The predictions of the analysis are illustrated with four examples includ-
ing the important special case of conversion of NO to N02 in stack plumes.

In several cases, the ground level profiles are shown to be substantially
different from that of a chemically inert species. Under certain circum-

stances, the concentration can even be reduced below background at intermediate

distances from the source but eventually increases to background level further

downwind.
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INTRODUCTION

Many pollutants commonly found in the atmosphere are not chemically
inert but rather participate in one or more reactions. As a result, the
traditional equations used to describe their atmospheric dispersion and
transport, which are frequently based on the species being inert, are at
best an approximation to the true physical phenomena occurring. One
fami]iar’examp1e is the gaussian plume model.

When chemical reactions are important in the process, the mathematﬁca]
description of the combined transport and chemistry can become sufficiently
complex that numerical solution of the governing differential equations is
indicated. As a result, the procedure frequently used is to ignore either
the chemistry or transport and solely consider the other. For example,
much of the literature on the photochemical smog modeling (cf., Hecht and
Seinfeld, 1972; Eschenroeder and Martinez, 1972; Hecht, Seinfeld and Dodge,
1974; and Demerjian, Kerr and Ca]yert, 1974) considers a static batch
reaction system.

There are a few simple cases where algebraic solution describing the
transport of a reactive species is possible. Specifically, if the species
s undergoing a simple first order irreversible chemical reaction the plume
formulae can be modified by multiplying by an exponential decay term that
depends on the first order reaction rate constant and the travel time
(Heines and Peters, 1973). A slightly more complex case is where the

reaction is not first order but is reversible and sufficiently fast that

339




SC593.5FR
‘l Rockwell International
2 Atoemics International Division
Air Monitoring Center

the reactant and product distributions adjust quickly to any changes in the
concentration of one or more of the species. This paper will consider some
aspects of this latter type of system, and we will present a mathematicai
procedure for attacking such problems in which the chemistry is separated
from the atmospheric dispersion calculations. The procedure is similar to
that used by Toor and Chiang (1959) and Toor (1962) for diffusion controlled

reaction systems in other applications.

THEORY

Consider a region in which the following general equilibrium reaction

is occurring between n reactants and p products
n
T v.N, == I v.N. (1),

where Ni and Nj are the reactant and product species, respectively, and Vs
and vj are their respective stoichiometric coefficients. The fcrward and
reverse reactions are considered to be sufficiently fast that the overall
chemical reaction is essentially at equilibrium; i.e., the concentrations

at any point in space are related by the equilibrium constant, K. Thus,

p Vj
K ITc
P
K = LA il S N
(2).
kl" n \)1'
II CN
i=1 "3

Superimposed upon this chemical reaction can be convective and turbulent

diffusive transport. As a result, the concentrations of the species at some
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point in space are changing due to both the chemical reaction and the trans-
port. However, the chemical reactions are considered fast relative to the
transport so that the concentrations rapidly adjust to any perturbations

and local chemical equilibrium exists. In general, we can write for each

reactant, assuming an eddy diffusivity concept to parameterize the turbulent

diffusion,
DcN]‘ ( ) : no vy P V5 ) (3)
= V:(€-Vc - v.(k. I c -k.Ic 3);
ot R L L
and for each product,
DCN. no v P Vi
- - V- (EVey )+ vylke Ty b ky TT_cy Ty .
S B B IS ST

In Equations (3) and (4), %f represeﬁts the substantial derivative and &
represents the eddy diffusivity tensor. The first term on the right describes
the concentration changes due to atmospheric dispersion, and the terms multi-
-plied by v; or vj describe the concentration changes due to chemical reactions.

For a chemically inert species of concentration Cr> the equation becomes

=

C
s V'(E'VCI) (5),

-

|

[

which is generally linear in Cr- On the other hand, the chemical reaction
terms create a non-linearity (except in the case of simple zeroth order or
first order chemical reactions) as well as mathematically coupling the equations
so that Equations (3) cannot be solved without simultaneously solving Equations

(4), and vice-versa.
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There are a total of n + p species equations of continuity, and as a
result, n + p independent equations can be written. We choose to define
n+ p -1 functions as

3T Ny T, (6)-
The ¢1,j are linearly independent for the proper combinations of Ni and Nj'

Furthermore, the ¢.

i, now satisfy the turbulent diffusion equation,

Do. .
1) = V(E'V(;b_l

Dt ) (7).

N
Equation (7) is generally linear, has the same form as Equation (5) for an
inert species, and with certain initial and boundary conditions it can be
readily solved. As a result, the n + p - 1 algebraic expressions for Qi,j
can be combined with the equilibrium condition, Equation (2), to solve for
the concentrations of all species. The important point to observe is that,
under the constraint of local chemical equilibrium, a system of non-linear
partial differential equations has been replaced by a system of non-linear
algebraic equations. In the algebraic form, the solution is gererally more
easily attained.

Now an important special case is that illustrated in Figure 1 where the
emissions from a source can react with each other or with other species pre-
sent in the atmosphere. The species are emitted from a source at an
effective height H into an atmosphere having a steady wind U in the positive
x~direction. The ground is considered to be a perfect barrier to any trans-
port. Based on this model, the differential equation describing the trans-

port of any reactant is
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acNi ; | acNi ; aCNi n v P v
U dx 5§'(€y dy ) 53'(62 3z ) Yy (kfiE]CN1 - krjE]CNJ ) (8),
with boundary conditions
. Q.
1 .= = o __1_ - .
i) at x=0, cNi CNi + 0 S(y) 8(z-H);
ii)
and aty — t e, ¢ = ¢° ;
i11) L L
N,
. ] _ L .
iv) - at z = 0, 35 0; and

v) at z — =, N, T cﬁ_,
i i

Similar equations and boundary conditions can be written for each reaction

product. The term Qi represents the source strength of species Ni at the

emission point; some of the Q; (or Qj) may be zero. Furthermore, Cﬁi repre-

sents the background concentrations which satisfy the equilibrium constraint

in Equation (2).

By again using the ¢1 ; functions, Equation (8) can be transformed to

eliminate the chemical reaction terms,

9¢ 3. . 3 ¢
U —lod _ 9 (e ___lhl) + 9 (e, ——t2d) (9)
3 X ) Yy 3y 9z ‘7z 3z >
with boundary conditions
. Uit T Vi
i = . .= v.c® e+l 17 -H) .
i) at x =0, ¢1’J V53 + V€5 + 0 S(y) 8(z-H) ;
ii)
— o . . o= v.c® .c%:
1??()j TSI gy g 7 vy Yi¢ys
. 36,
iv) at z =0, jggij- = 03 and
V) at z— @, ¢, . = v.co + vy cS

15] Ji 175
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Thus, it is noted that ¢. 3 satisfies the conditicns for a point emission
source. Designating @ i30T V5 T ovsc 3 and Q = va. + viQ-, the sclution
to Equation (9) with attendant boundary cond1t1ons, where e and e, are

independent of y and z, respectively, is

Q. .
¢1'=¢?-+——1Q—exp(—4 exp _(Z;L+
»J »J dr Ye_e_ x €y
y z
2
exp [EUL%Ei—glg] (10).
z

Equation (10) can also be written in the familiar gaussian form

Q. . 2 2
- g0 _ i, oy _{(z - H)
%4, %, T oo, &P ( 5)4 exp 2 ¥
y z 20y Zoz
2
202

Equation (10) then takes the form
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2 2
R SR a g o T EL
? 4m Eysz X y z

2
+
exp | Mg (13),
Z

and an analogous expression can be written based on Equation (11). 1In this
formu]atipn, the chemistry and source strengths are separated from the
atmospheric dispersion, with the result that the right hand side of Equation

(13), or its analog in o, g, form are the same for all s s Therefore,

y J
all wi j have the same value at a given point in space, and the value of

each ¢i i above the background, ¢1 j- o) » 1S proportional to the corre-

1,3
sponding source strength Qi,j = VjQi + vin . It is important to note
that the right hand side of the equations have the same form as the gaussian
dispersion model for an inert chemical species, so the widely available
tables and graphs for gaussian models (e.qg., Turner, 1970) can be used with-
out modification.

Once the values of the vy,

1,]

Equation (13) (or if one prefers, the ¢ ; functions determined from

Equation (10) or (11)), the equilibrium expression in Equation (2) can be

functions have been determined from

used to determine the concentrations of the n + p chemical species. How-
ever, it should be noted that Equation (2) is valid for instantaneous con-
centrations, and may not exactly correspond to average concentrations measured

over times long enough that appreciable concentration fluctuations occur.
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This calculation method is not restricted to the use of the combinations
of concentrations which appear in Equation (6). Many other combinations,
including any linear combination of the ¢i,j , can be constructed which
satisfy Equation (7).

DISCUSSION

Before proceeding to discuss some aspects of the foregoing analysis,
let us formalize the conditions under which the 1imiting case of fast reac-
tions at equilibrium can apply. As stated previously, the model is appro-
priate if both the forward and reverse reactions are fast compared to the
transport. Let Tt represent the time constant of the transport process, and
T, represent the time constant of the chemical reactions involved. Then,
the condition for local chemical equilibrium to apply is

oy (14).

T
r

For the reverse condition, Tt/rr << 1, the reactions are sufficiently slow
compared to the transport that the inert species assumption is valid.
In order to establish Condition (14), consider the schematic reaction

kg

A+B<—-—k—-———>’D+E (15),

r
and concentrate on species A. In the absence of chemical reaction, the trans-

port of A from a point source can be described as
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q 2 2
CA = _-L_ exp (_ _.-Lz_ ) exp - -(Z*ZHL +
yz 20,

Q
<

exp [:.Lé;tlili] (16),

and for the special case of y = 0, z = 0, and Oy =0, = 0, Equation (16) is

7 exp (- —) (17).

The time constant for the transport can be evaluated by observing that

dc/dt = U dc/dx; the result is

2 -1
= [LJ(”—3 -9 §—§] (8.

Using the forward reaction as the basis for evaluating Tps Condition (12)

then becomes

Obviously, Tt/rr varies with x but for typical values the condition is

approximately

kch > 107 s | (20),
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except very near the source. There are a number of important reactions that
satisfy this criterion—for example, the ozone oxidation of nitric oxide.
In cases where the dispersion is sufficiently rapid compared to the chemical
reaction rates that this criterion is not satisfied, Equations (10), (11),
and (13) remain valid. The ¢i,j combinations of concentrations can still be
determined although the assumption of local equilibrium cannot be made.
When the distance from the source becomes large enough that the criterion
is satisfied, Equation (2) becomes applicable, and then all species concen-
trations can be calculated.

Now let us illustrate the results by considering several examples. The
possible variations in all of the parameters are innumerable, but these

illustrations will elucidate some of the results of the analysis.

Example 1
| Consider the reversible second order chemical reaction given by Equation
(15), and a source emitting equal molar rates; i.e., QA = QB = Qg + Q. Further-
more, consider that the background concentrations are all zero. Thus, the

four equations to be solved simultaneously are

2 , 2

- - _ | vy (z-H)" 1.

Ya.D Ys,E Vae T oo, P (- )4 exp {r‘ 2 :] !
vz 20 20
v z

2
exp EQJ_EILJ (21),
202

and
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CnC
K = 2E - (22),
A™B
where, for example,
C, +C
A D
Uy o = Y | (23).
A,D QA + QD

Take the important special case of y=0and z=0and let o =o_. Further-

Ci (X,O:O)UHZ
more, define a dimensionless ground level concentration as o. =

1 Q.

i

and a diﬁension1ess distance downwind as B =‘oZ/H.

The results of solving Equations (21) thru (23) are shown in Figure 2
for K = 0.1, 1.0, and 10. In the case of K = 1.0 the ground level concen-
tration profiles remain unchanged for both the reaétants and products as com-
pared to an inert species being emittedﬁ This is not surprising since the
emissions are equal for all four species, and K = 1.0 corresponds to an equal
distribution between the reactants and products. On the other hand, the
reactant concentrations are increased fof K <1 and decreased for K > 1.

The behavior of the product concentrations is reversed. The dashed 1ine
shows the upper 1imit that the reactant and product concentrations can reach
under the specified constraints.

One might speculate that the behavior illustrated in Figure 2 is incom-
patible with the premise of local chemical equilibrium since equal molar
emissions would necessitate that K = 1.0 at the point of emission. However,
this is only true for a reaction that would show no temperature dependency
of K since generally the emissions at the source would be at a temperature

different from ambient. One must remember that the K specified in the theory
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corresponds to the local or ambient temperature. For the frequently
encountered case in which the temperature at the point of emission is greater
than ambient, K < 1 corresponds to an endothermic reaction and K > 1

corresponds to an exothermic reaction.

Example 2
Again consider the second order reversible reaction given by Equation
(15) and employed in the first example. However, all emissions from the

source are zero except for QA‘ In addition, the background concentrations

Q

enUH?
ground level concentration (assuming Oy = oz),if reaction 1s not occurring.

are non-zero, and A_ = which corresponds to half of the maximum

The other background concentrations are BO = 4 AO and DO = EO =2 AO. The
equilibrium constant is taken to be unity, and one can note that the back-
ground concentrations satisfy the equilibrium constraint.

The results are shown in Figure 3 for y = 0 and z = 0, again with

Oy =0, - The dashed Tine shows the ground level concentration profile for
an inert species with background concentration corresponding to Q 5 - It
emUH

is noted that the concentrations of both D and E are increased Dy as much
as forty percent above their background values due to the reaction. On the
other hand, species B is consumed by the chemical reaction, and since it
is not being emitted from the source the concentration decreases. The maxi-

mum decrease corresponds to almost seventy percent of the background.

Example 3

As another illustration,consider the reversible reaction

A+B=<=—= 1D ' (24},
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with the reaction product D being emitted from the source but QA = QB = 0.

Furthermore, the background concentrations are equal, and DO corresponds to
Qp

5 -
emUH
In this example, there are just three equations to be solved. These

The equilibrium constant K is numerically equal to AO'].

correspond to ¢A,D R ¢B,D » and the equilibrium constraint. Thg results,
'graphed in Figure 4, show that A and B both increase by as much as fifty
percent above their respective background values due to the reverse reaction.
The concentration of D increases even more due to both the emissions and

the reaction. The magnitudes of these respective increases, of course,

depend on the value of K.

Example 4

One important motivation for this work was a desire to determine the
extent to which the conversion of NO into NO2 observed with experimental
data for a stack plume was due to the mixing with ambient ozone, and the
extent to which additional photochemistry was playing a role. If only the

mixing with ambient ozone is important, the equation for the reaction is

NO + 03 > NO2 + 02 : (25).

In addition, the photolysis of NO2 Teads to the following reactions.

hv
NO,, > NO + 0 (26)

0+ 0, > 0, (27)
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These reactions are all fast, and to a good approximation, the stationary

state concentrations are related by

3 Kog
K

. (28),
25

where k26 is the photochemical dissociation rate of NO2 at the prevailing
radiation intensity (Demerjian, Kerr and Calvert, 1974). In this example,
the steady state relation takes the place of the equilibrium expression in
Equation (2).

One convenient combination of concentrations is

¢ = Cyn T C = ¢ (29),
NO,NO2 NO NO2 NOX
which describes the dispersion of NOX. Another useful combination is
+ C (30),

¢ = c
05,M0, 05 7 “NO

2
which can be thought of as describing the dispersion of "extra cxygen atoms"

contained in either 03 or NOZ' Then

No ~ SNo T Sno. T CRo o~ No
A s
NO,NO, Qo * QNo2 Uo
X
and
0.~ . * Sno. T SNo
; _ 9% 9 2 2 (32)
03.N0, Q03 * QN02
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The fact that wNO,NOg = wO3,N02 at all locations in the plume mmediately
leads to the result

Ch - Ch *+c - cy Qy +Q

O3 O3 NO2 NO O3 NO

c - c 2 - Q : (33).
NOx NOX NOx

The value of the right side of Equation (33) is determined by the emission
rates. Ozone is not emitted, and typically about 5% of the NOx is emitted

as NOZ‘ However, the reaction

2NO + O2 > ZNO2 | (34)

causes some additional formation of NO2 in the atmosphere at a rate given by
the expression k cﬁo c02 , where k has the value 1.5 x 104 m6 kmole_2 s'.I at
25°C, and decreases sTightly with increasing temperature. (The actfvation
energy is - 1.2 kcal mo]e'].) This process is slow enough that it is not
important in the stack, and rapidly becomes unimportant as the plume is dis-
persed in the atmosphere because of the dependence on the square of the NO
concentration. However, if the NO concentration in the stack is about 125 ppm,
2 to 4% of the NO will be bxidized in the atmosphere by this process during
the first 10 to 20 minutes, and 5 to 10% will be oxidized if the NO concen-
tration is 200 ppm. Therefore, the right side of Equation (33) typically has
a value near 0.12,

If mixing with the ambient ozone is the dominant mechanism for the

further conversion of NO into N02, the left side of Equation (32) will have
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the constant value calculated above at all locations in the plume, except

close to the stack. As the free radical reactions characteristic of smog
photochemistry become important, the expression will take on larger values.

In the region where the mixing with ambient ozone is the dominant conversion
process, the concentrations of NO, NOZ’ and O3 can be determined by using

plume dispersion formulas to estimate the concentration of NOX in excess of the
background concentration, and then solving for the concentrations of the

other species with the aid of Equations (28) and (33).

A specific example of the concentration profiles along a line perpen-
dicular to the plume axis is shown in Figure 5. In this case, the value of
the right side of Equation (33) is 0.12, and the ratio in Equation (28) eguals
0.02 ppm, which is appropriate for radiation intensities during much of the
day. The background concentrations are Cﬁox = 0.08 ppm and c63 = 0.10 ppm;
hence from Equation (28), cﬁo = 0.0133 ppm and cﬁoz = 0.0667 ppm. The maxi-
mum NOX due to the plume is 0.2 ppm, so the maximum NOX concentration is
0.28 ppm. These conditionsbare appropriate for Tocations near the region of
maximum ground level impact of a power plant plume in an urban area with
photochemical smog.

Figure 5 can also be used to obtain information about pollutant con-
centrations in regions of lesser plume impact. For any concentration of

NOX, the concentrations of NO, NOZ’ and O3 can be read from the graph, pro-

vided the background concentrations remain constant.
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SUMMARY

A procedure that can be employed to treat dispersion from point sources
with simultaneous fast reversible chemical reaction has been presented. For
such syétems, the procedure permits one to solve for the spatial distribution
of the species concentrations by solving a set of non-linear simultaneous
a]gebraic_equations rather than resorting to numerical integration of the
governing partja] differential equations. This set of equations contains
the point source formula for dispersion from an ideal stack.

The validity of the procedure necessitates that the chemical reactions
are rapid relative to the transport so that local chemical equilibrium is
always maintained. The conditions necessary for this constraint are dis-
cussed relative to a general second order reversible chemical reaction.

The results of the analysis have been described using four specific
examples in which the equilibrium constant, the source strengths, and the
background concentrations are varied. Substantial variations in the ground
level concentration profiles are observed. The magnitudes of the variations

naturally depend on the nUmerica] values of the parameters.
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Example 2. '
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Figure 4. Dimensionless Ground Level Concentration Profiles for
Example 3.
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